
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0315839 A1 

US 20100315839A1 

Yang et al. (43) Pub. Date: Dec. 16, 2010 

(54) ENERGY RECOVERY SNUBBER CIRCUIT Publication Classification 
FOR POWER CONVERTERS (51) Int. Cl. 

H02M 3/335 (2006.01) 
(76) Inventors: Zaohong Yang, Richardson, TX (52) U.S. Cl. .......................................................... 363A17 

S. Paul Garrity, Rockwall, TX (57) ABSTRACT 
An energy recovery Snubber circuit for use in Switching 

Correspondence Address: power converters. The power converters may include a Switch 
network coupled to a primary winding of an isolation trans 

MARSH, FISCHMANN & BREYFOGLE LLP former, and rectification circuitry coupled to a secondary 
8055 East Tufts Avenue, Suite 450 winding of the isolation transformer. The energy recovery 
Denver, CO 80237 (US) Snubber circuit may include clamping circuitry that is opera 

tive to clamp Voltage spikes and/or ringing at the rectification 
(21) Appl. No.: 12/776,249 circuitry. The clamped Voltages may be captured by an energy 

capture module. Such as a capacitor. Further, the energy 
recovery snubber circuitry may include control circuitry 

(22) Filed: May 7, 2010 operative to return the energy captured by the energy capture 
module to the input of the power converter. To maintain 

Related U.S. Application Data electrical isolation between a primary side and a secondary 
side of the isolation transformer, a second isolation trans 

(60) Provisional application No. 61/176,273, filed on May former may be provided to return the captured energy back to 
7, 2009. the input of the power converter. 

  



US 2010/0315839 A1 Dec. 16, 2010 Sheet 1 of 6 Patent Application Publication 

d 
s 

  

  

  

  

  

  

    

  



US 2010/0315839 A1 Dec. 16, 2010 Sheet 2 of 6 Patent Application Publication 

  



US 2010/0315839 A1 Dec. 16, 2010 Sheet 3 of 6 Patent Application Publication 

  



US 2010/0315839 A1 Dec. 16, 2010 Sheet 4 of 6 Patent Application Publication 

  



Patent Application Publication Dec. 16, 2010 Sheet 5 of 6 US 2010/0315839 A1 

g 
s 

i. 

s 

CD 
88: 

9 
. 

t { 
.. i. 

s 
s 

.. i. 

(A) S3);idS38w OA A) SayidSSWOA 

  



Patent Application Publication Dec. 16, 2010 Sheet 6 of 6 US 2010/0315839 A1 

g 

g 

  

  



US 2010/03 15839 A1 

ENERGY RECOVERY SNUBBER CIRCUIT 
FOR POWER CONVERTERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 U.S.C. 
119 to U.S. Provisional Application No. 61/176,273, entitled: 
ENERGY RECOVERY SNUBBER CIRCUIT FOR 
POWER CONVERTERS. filedon May 7, 2009, the contents 
of which are incorporated herein as if set forth in full. 

BACKGROUND 

0002 Generally, a power converter is a power processing 
circuit that converts an input Voltage or current source into a 
specified output Voltage or current. Power converters are used 
in numerous types of applications including computers, 
audio/video equipment, mobile electronic devices, power 
systems, and the like. 
0003. One type of power converter, known as a DC/DC 
power converter, is operative to convert an input Voltage 
waveform having a DC component into an output DC Voltage 
waveform which may be at a different voltage level than the 
input voltage waveform. For various reasons, it is often desir 
able for the input to be electrically isolated from the output of 
the power converter. To accomplish this, an isolation trans 
former may be used, which may required the input DC volt 
age to be “chopped into an AC voltage. Further, in order to 
perform the waveform conversion from an AC output of the 
isolation transformer to a DC output Voltage, rectification 
circuitry may be used. Traditionally, rectification circuitry 
included one or more diodes coupled to the secondary side of 
the isolation transformer. Since diodes only conduct current 
when they are forward biased, they may be used to convert the 
AC voltage from the isolation transformer to an output DC 
Voltage. Alternatively, the rectification circuitry may include 
synchronous rectifiers that utilize transistor switches that are 
selectively turned on and off synchronous with the AC signal 
being rectified in order to control the conduction of current 
from the isolation transformer to the rectifier output. 
0004. The increasing computational speeds and densities 
of integrated circuits (ICs) have led to a reduction of their 
operating Voltages. This reduction of operating Voltages 
requires DC/DC converters to provide higher output current 
to achieve similar power output. As the output Voltage is 
decreased and the output current is increased, the power loss 
incurred by the output rectifiers becomes a dominant factor 
for the efficiency of the power converter. 
0005. In order to allow the use of relatively small energy 
storage elements and filtering components (e.g., capacitors, 
inductors, transformers, and the like), the Switching devices 
associated with the power converter may be switched at a 
relatively high frequency (e.g., a few hundred kilohertz). 
However, this high frequency Switching may cause large Volt 
age spikes and high frequency ringing at the output rectifica 
tion circuitry. The Voltage spikes and high frequency ringing 
may generally be caused by the parasitic or leakage induc 
tance of the isolation transformer and the parasitic capaci 
tance of the rectification diodes or transistor switches. 
0006 The Voltage spikes and high frequency ringing are 
undesirable for several reasons. For example, the high Voltage 
spikes may require the use of rectification devices that are 
rated for high Voltages, which may be costly and larger in size. 
Further, the use of high voltage rated devices may reduce the 
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efficiency of the power converter because those devices may 
have relatively high conduction losses. Additionally, the 
energy transmitted by the high frequency ringing and high 
Voltage potentials may induce electromagnetic interference 
(EMI) problems in the various components of the power 
converter or other Surrounding components. 
0007 To deal with this problem, various passive and active 
Snubber or clamping circuits have been developed to com 
pensate for the above-noted undesirable properties. These 
circuits generally have one or more shortcomings that may 
include increased costs and/or reduced efficiency of the 
power converter. 
0008. It is against this background that the energy recov 
ery snubber circuits for power converters described herein 
have been invented. 

SUMMARY 

0009 Disclosed is an energy recovery snubber circuit for 
use in a Switching power converter having an input and an 
output, the power converter including a first transformer hav 
ing a primary winding and a secondary winding, a control 
lable Switch coupled to the primary winding, and rectification 
circuitry coupled to the secondary winding. The energy 
recovery Snubber circuit includes a Voltage clamping element 
coupled to the rectification circuitry; a capacitive element 
coupled to the Voltage clamping element for storing energy 
captured by the Voltage clamping element; a second trans 
former having a primary winding coupled to the capacitive 
element and a secondary winding coupled to the input of the 
power converter; and control circuitry that is operative to 
selectively cause the transfer of energy stored by the capaci 
tive element to the input of the power converter via the second 
transformer. 
0010. The power converter may include a low-pass filter at 
the output thereof. The low-pass filter may include an output 
inductor and an output capacitor. The energy recovery snub 
ber circuit may include a rectifier coupled to the secondary 
winding of the energy recovery Snubber circuit. 
0011. The voltage clamping element may include a recti 
fying switch. The rectifying switch may include a MOSFET. 
The Voltage clamping element may include an inverter. 
0012. The controllable switch may include four different 
Switches, two of which are on at a time, one pair of which are 
on while the other pair is off and one pair of which is off while 
the other pair is on. The Voltage clamping element may 
include a first and a second rectifying Switch, one of which is 
on at a time, the first rectifying Switch being on when the one 
pair of switches in the controllable switch are on and the 
second rectifying Switch being on when the other pair of 
switches in the controllable switch are on. The first and sec 
ond rectifying switches may each include a MOSFET. 
0013 Also disclosed is a switching power converter hav 
ing an input and an output. The power converter includes a 
first transformer having a primary winding and a secondary 
winding; a controllable Switch coupled to the primary wind 
ing; rectification circuitry coupled to the secondary winding: 
and an energy recovery Snubber circuit for the Switching 
power converter. The energy recovery snubber circuit 
includes a Voltage clamping element coupled to the rectifica 
tion circuitry; a capacitive element coupled to the Voltage 
clamping element for storing energy captured by the Voltage 
clamping element; a second transformer having a primary 
winding coupled to the capacitive element and a secondary 
winding coupled to the input of the power converter, and 



US 2010/03 15839 A1 

control circuitry that is operative to selectively cause the 
transfer of energy stored by the capacitive element to the input 
of the power converter via the second transformer. 
0014. The power converter may include a low-pass filter at 
the output thereof. The low-pass filter may include an output 
inductor and an output capacitor. The energy recovery snub 
ber circuit may include a rectifier coupled to the secondary 
winding of the energy recovery Snubber circuit. 
0015 The voltage clamping element may include a recti 
fying switch. The rectifying switch may include a MOSFET. 
The Voltage clamping element may include an inverter. 
0016. The controllable switch may include four different 
Switches, two of which are on at a time, one pair of which are 
on while the other pair is off and one pair of which is off while 
the other pair is on. The Voltage clamping element may 
include a first and a second rectifying Switch, one of which is 
on at a time, the first rectifying Switch being on when the one 
pair of switches in the controllable switch are on and the 
second rectifying Switch being on when the other pair of 
switches in the controllable switch are on. The first and sec 
ond rectifying switches may each include a MOSFET. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 illustrates a block diagram of a DC/DC 
power converter that includes an exemplary energy recovery 
snubber circuit. 
0018 FIG. 2 illustrates a schematic diagram of a DC/DC 
power converter that includes an exemplary energy recovery 
snubber circuit. 
0.019 FIG. 3 illustrates various waveforms associated 
with the operation of the DC/DC power converter shown in 
FIG 2. 
0020 FIG. 4 illustrates an exemplary energy recovery 
snubber circuit. 
0021 FIG. 5 illustrates voltage waveforms for rectifica 
tion circuitry used in DC/DC power converters. 
0022 FIG. 6 illustrates another exemplary energy recov 
ery snubber circuit. 

DETAILED DESCRIPTION 

0023. While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that it is not intended to limit the invention to the particular 
form disclosed, but rather, the invention is to cover all modi 
fications, equivalents, and alternatives falling within the 
Scope and spirit of the invention as defined by the claims. 
0024 FIG. 1 illustrates a block diagram of a DC/DC 
power converter 10 that includes an exemplary energy recov 
ery snubber 30. The power converter 10 may be operative to 
convert a DC voltage from a DC input node 12 into an output 
DC voltage at a DC output node 28. The power converter 10 
may include an isolation transformer 18 having one or more 
primary side windings 20 coupled to the DC input node 12 
and one or more secondary side windings 22 coupled to the 
DC output node 28. To provide an AC voltage to the primary 
winding 20 of the isolation transformer 18, a switch network 
14 including one or more Switches may be coupled between 
the primary winding 20 and the DC input node 12. The switch 
network 14 may be controlled by a switch control module 16 
that is operative to turn the switches of the switch network 14 
on and off to provide an AC voltage to the primary winding 20 
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of the isolation transformer 18. As an example, the switch 
network 14 may include a half bridge network, a full bridge 
network, or the like. 
0025 Rectification circuitry 24 may be coupled to the one 
or more secondary windings 22 of the isolation transformer 
18 to provide a rectified voltage waveform. The rectification 
circuitry 24 may include one or more diodes, one or more 
synchronous rectifiers (e.g., transistor Switches), or the like. 
The rectified voltage waveform may then be smoothed by a 
low pass (LP) filter 26, such that a DC voltage appears a the 
DC output node 28, which in turn may be coupled to a load. 
The LP filter 26 may include one or more capacitors, induc 
tors, or other passive or active components. 
0026. To reduce the high voltage spikes and high fre 
quency ringing caused by the high frequency switching of the 
switch network 14 and its effect on the leakage inductance of 
the isolation transformer 18 and the rectification circuitry 24, 
the energy recovery snubber 30 may be provided. Function 
ally, the energy recovery Snubber 30 may include an energy 
capture module 32 that may operate to capture energy that 
causes the undesirable behavior (e.g., ringing and Voltage 
spikes) at the rectification circuitry 24. In this regard, the 
rectification circuitry 24 may be designed Such that its com 
ponents are not required to withstand extreme Voltage condi 
tions, which may reduce the cost of the power converter 10 
while increasing its efficiency. 
0027. In addition to capturing the energy, the energy 
recovery snubber 30 may be operative to return the captured 
energy to the DC input node 12, which may substantially 
improve the efficiency of the power converter 10. To return 
the captured energy to the DC input node 12 and to preserve 
the electrical isolation between the primary side and second 
ary side of the power converter 10, the energy recovery snub 
ber 30 may include an isolation transformer 34 having one or 
more primary side windings 38 and one or more secondary 
side windings 34. In operation, the energy captured by the 
energy capture module 32 may be transferred across the iso 
lation transformer 34, where it may be rectified by a rectifier 
39, and returned to the DC input node 12. In this regard, the 
energy that is normally wasted by the leakage inductance of 
the isolation transformer 18 and the parasitic capacitance of 
the rectification circuitry 24 may be recovered or recycled by 
the power converter 10, thereby improving the efficiency of 
the power converter 10 while reducing the high voltage spikes 
and high frequency ringing on the rectification circuitry 24. 
0028 FIG. 2 illustrates a schematic diagram of a full 
bridge DC/DC power converter 50 that includes an exemplary 
energy recovery snubber circuit. The power converter 50 
includes an isolation transformer 66 that is coupled to an input 
node 52 (Vin) via a switch network 54. The switch network 
includes switches 56, 58, 60, and 62 which may be any 
suitable type of switches including MOSFETs, IGBTs, or the 
like. The switches 56,58, 60, and 62 may be controlled by a 
switch controller (not shown in FIG. 2) to provide an AC 
voltage to a primary winding 68 of the transformer 66. In 
operation, the switches 56 and 62 may conduct for a period of 
time Such that positive Vin Voltage potential is applied across 
the primary winding 68 of the transformer 66. During this 
time, switches 58 and 60 are open (i.e., not conducting). Next, 
the switch controller may control the switches 56 and 62 to be 
non-conducting, while the switches 58 and 60 are conducting. 
As can be appreciated, this has the effect of applying a nega 
tive Vinvoltage potential across the primary winding 68 of the 
transformer 66. In this regard, the switch controller may 
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selectively control the switches 56,58, 60, and 62 to apply an 
AC voltage to the primary winding 68 that swings between 
positive Vin and negative Vin Voltage potentials. 
0029. The power converter 50 also includes synchronous 

rectifiers 90, 98 that are coupled to outer taps of secondary 
windings 70, 72 of the isolation transformer 66. In this 
example, the synchronous rectifiers 90, 98 include MOS 
FETS92, 100, respectively. Further, body diodes 94,102 and 
capacitors 96,104 are illustrated to show the characteristics 
(i.e., equivalent circuits) of the MOSFETS92, 100, respec 
tively, and are not separate components in the circuit. 
0030. In operation, the gates of the MOSFETS92, 100 are 
controlled by a rectification controller (not shown) to cause 
the MOSFETS 92, 100 to conduct at certain distinct times 
such that energy from the primary winding 68 of the isolation 
transformer 66 may be transferred to a load 86. More specifi 
cally, when the switches 56 and 62 are conducting, the MOS 
FET 92 should be conducting. Similarly, when the switches 
58 and 60 are conducting, the MOSFET 100 should be con 
ducting. In this regard, the energy from the secondary wind 
ings 70, 72 of the isolation transformer 66 may be rectified. In 
this example, the MOSFETS92, 100 are used for rectification 
instead of rectification diodes because of their relatively low 
resistance they exhibit when conducting, which has the effect 
of minimizing the losses associated with the rectification 
circuitry. 
0031. To provide a stable DC voltage to the output node 84 
(Vout) of the power converter 50, a low pass filter that 
includes an output inductor 82 and an output capacitor 88 may 
be provided. The values for the inductor 82 and the capacitor 
88 may be chosen such that the voltage Vout is approximately 
a DC voltage when the power converter 50 is coupled to the 
load 86. 
0032. As noted above, high frequency ringing and Voltage 
spikes may be generated due to the fast transitioning of the 
rectifiers (i.e., the MOSFETS 92, 100) from a conducting 
stage to a non-conducting stage. These undesirable charac 
teristics are mainly due to resonance between the leakage 
inductance of the isolation transformer 66 (shown schemati 
cally as leakage inductors 74 and 76) and the parasitic capaci 
tance between the drain and source terminals of the rectifiers 
90, 98 (shown schematically as capacitors 96, 104, respec 
tively). 
0033. To reduce or eliminate the high voltage spikes and 
ringing that occurs when the MOSFETS 92, 100 are turned 
off, clamping diodes 78, 80 are provided which have their 
respective anode terminals coupled to the outside ends of the 
secondary windings 72, 74 of the isolation transformer 66, 
and having their cathode terminals coupled to a first plate of 
a clamping capacitor 110. 
0034. The clamping diodes 78, 80 may be any type of 
suitable diodes. For example, the clamping diodes 78.80 may 
be Schottky diodes in order to provide a relatively small 
forward bias Voltage drop. The clamping capacitor 110 may 
be relatively large (e.g., 30 nF, 60 nF, 220 nF, or more) such 
that any Voltage spikes or ringing that appear at the outside 
ends of the secondary windings 72, 74 (or equivalently, at the 
drainterminals of the MOSFETS92,100) are absorbed by the 
clamping capacitor 110. As can be appreciated, the Voltage 
appearing across the clamping capacitor 110 is Substantially 
a DC voltage that has an amplitude that is approximately the 
input voltage Vin multiplied by the turns ratio of the isolation 
transformer 66. 
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0035. In addition to the clamping capacitor 110 and the 
clamping diodes 78, 80 acting to clamp excessive Voltage 
spikes and ringing, the energy absorbed by the clamping 
capacitor 110 may also be recycled back to the input node 52 
of the power converter 50. To achieve this functionality, the 
clamping capacitor 110 may be coupled to a ground potential 
106 in parallel with a primary winding 118 of an isolation 
transformer 114 and a MOSFET 112. The transformer 114 
may include two secondary windings 116, 120 that each have 
one end couple to a ground node 106 on the primary side of 
the power converter 50 and the other end to the input node 52 
through rectifying diodes 124, 122, respectively. 
0036. In operation, the MOSFET 112 may be selectively 
turned on and off by control circuitry (not shown in FIG. 2; 
see a control circuit 150 shown in FIG. 4 and a control circuit 
160 shown in FIG. 6) coupled to its gate terminal. When the 
MOSFET 112 is turned on by the control circuitry, current 
will flow from the clamping capacitor 110 through the pri 
mary winding 118 of the transformer 114, inducing a Voltage 
across the primary winding 118. This voltage will in turn 
induce a Voltage in the secondary winding 116, which may 
cause current to flow through the rectifying diode 124 to the 
input node 52, where the energy may be stored by an input 
capacitor 64. Additionally, when the MOSFET 112 is subse 
quently opened or turned off, the energy stored in the primary 
winding 118 will cause a negative Voltage across the second 
ary winding 120, thereby causing current to flow through the 
rectifying diode 122 to the input node 52. In this regard, the 
energy captured by the clamping capacitor 110 is transferred 
back to the input source, such that the energy loss of the power 
converter 50 is substantially reduced. 
0037 FIG. 3 illustrates various waveforms associated 
with the operation of the DC/DC power converter 50 shown in 
FIG. 2. In particular, the waveform 115 illustrates the voltage 
between the drain and the source terminals of the MOSFETS 
92 and 100. As can be seen, the voltage across the MOSFETS 
92, 100 rises sharply as they transition from a conducting 
stage to a non-conducting stage, and falls again as they tran 
sition back to a conducting stage. The waveform 117 illus 
trates the Voltage across the clamping capacitor 110. The 
waveform 119 illustrates the voltage between the gate and 
source terminals (Vgs) of the MOSFET 112, which may be 
controlled by control circuitry (see the control circuit 150 and 
160 shown in FIGS. 4 and 6). As noted above, the MOSFET 
112 is used to control the discharging of the clamping capaci 
tor 110. The waveform 121 illustrates the voltage across the 
primary winding 118 of the isolation transformer 114 as the 
energy from the clamping capacitor 110 is being recovered. 
The waveform 123 illustrates the current flowing through the 
diode 124 back to the input node 52, while the waveform 125 
illustrates the current flowing through the diode 125 back to 
the input node 52. 
0038. As shown in the waveforms 115 and 117, the voltage 
across the clamping capacitor 110 increases slightly when the 
switch 92 is turned off (shown in waveform 115 when the 
voltage across the switch92 rises). Further, it should be noted 
that any Voltage spikes or ringing across the Switches 92 and 
100 are relatively small due to the energy being captured by 
the clamping capacitor 110. 
0039. As shown in the waveform 119, control circuitry 
applies a positive voltage to the gate of the MOSFET switch 
112 for a predetermined time after the MOSFETS 92 or 100 
begin conducting again (i.e., when the Voltage in the wave 
form 115 falls back to Zero). This has the effect of inducing a 
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positive voltage on the primary winding 118 of the trans 
former 114 (shown in waveform 121), which in turn induces 
a current through the diode 124 (shown in the waveform 123) 
which returns the captured energy to the input node 52. Then, 
when the switch 112 is turned off by the control circuitry, a 
relatively small negative Voltage is induced in the primary 
winding 118 of the transformer (waveform 121), which in 
turn induces a relatively small current (a few mA) through the 
diode 122 (waveform 125). As noted above, the current 
through the diodes 122 and 124 is returned back to the input 
node 52 of the power converter 50, thereby reducing the 
power loss and increasing the efficiency of the power con 
verter 50. 

0040 FIG. 4 illustrates the power converter 50 also shown 
in FIG. 2, and further illustrates a control circuit 150 that may 
be utilized to control the opening and closing of the Switch 
112. It is noted that for simplicity, not all components of the 
power converter 50 shown in FIG. 2 are shown in FIG. 4, but 
it should be appreciated that the components not shown in 
FIG.4 may still be actually present in the power converter 50. 
0041 Generally, the control circuit 150 is operative to turn 
on the switch 112 for a short, predetermined period of time 
after the voltage across the MOSFETS92 or 100 has dropped 
to approximately zero (e.g., after the MOSFETS 92, 100 
transition from a non-conducting stage to a conducting stage; 
see waveform 115 in FIG.3). To achieve this functionality, the 
control circuit 150 may include diodes 126 and 128 having 
their anode terminals coupled to the drain terminals of the 
MOSFETS92 and 100, respectively, and the cathode termi 
nals of the diodes 126 and 128 connected to a gate terminal of 
a MOSFET 138 through a voltage divider (i.e., resistors 134 
and 136). The resistance values for the resistors 134 and 136 
may be chosen such that a Voltage potential Sufficient to turn 
on the MOSFET138 is present when the Voltage across either 
of the MOSFETS92 and 100 is high. In this regard, when the 
MOSFETS92, 100 are not conducting, the MOSFET 138 is 
conducting or “turned on.” 
0042. The control circuit 150 also includes a charging 
capacitor 142 that has one plate coupled to the drain terminal 
of the MOSFET 138 and to a voltage source 130 (Vcc) 
through a resistor 140. Further, the other plate of the charging 
capacitor 142 is coupled to the gate terminal of the MOSFET 
112, and to ground through a resistor 146 and a diode 144 that 
are configured in parallel to each other. 
0043. In operation, the charging capacitor 142 is used to 
control the “on time” of the MOSFET 112. Initially, the 
Voltage across the charging capacitor 142 is Zero when the 
MOSFET 138 is conducting (e.g., when either of the MOS 
FETS 92, 100 are non-conducting, an their drain to source 
voltage is high). When the MOSFETS92, 109 transition to a 
non-conducting stage, the Voltage at the gate terminal of the 
MOSFET 138 drops to zero, and the MOSFET 138 becomes 
non-conducting. This causes a current to flow from the Volt 
age source 130 (Vcc) through the resistor 140, through the 
charging capacitor 142, through the resistor 146, to the 
ground node 106. The resistors 146 and 140 may be chosen 
such that the voltage at the gate terminal of the MOSFET 112 
is sufficient to turn on the MOSFET 112 as the charging 
capacitor 142 is charging. As can be appreciated, the charging 
capacitor 142 will charge at a rate determined by the RC time 
constant, and the voltage at the gate terminal of the MOSFET 
112 will eventually fall to level that turns the MOSFET 112 
off. In this regard, the MOSFET 112 will be turned on for a 
predetermined period of time that is triggered by the MOS 
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FETS 92, 100 transitioning from a conducting stage to a 
non-conducting stage (see the waveforms 115 and 119 shown 
in FIG.3). 
0044) Then, the above process will repeat each switching 
cycle so that the MOSFET 112 is turned on for a short period 
of time each cycle to permit energy stored in the clamping 
capacitor 110 to be transferred back to the input of the power 
converter 50 via the isolation transformer 114. To ensure that 
the charging capacitor 142 discharges fully each cycle, the 
diode 144 is coupled between the capacitor 142 and ground 
106. 

0045 FIG.5 demonstrates the ability of the presentenergy 
recovery Snubber to clamp Voltages so as to reduce Voltage 
spikes and ringing effects. The top figure shows a Voltage 
waveform 152 appearing across a synchronous rectifier using 
a passive, resistive-capacitive (R-C) snubber circuit. The bot 
tom figure shows a Voltage waveform 154 appearing across a 
synchronous rectifier when the present energy recovery snub 
ber circuit is employed. As can be seen in FIG. 5, the voltage 
spike and ringing are substantially reduced using the present 
energy recovery Snubber circuit. 
0046 FIG. 6 illustrates the power converter 50 also shown 
in FIG. 2 and FIG. 4, and further illustrates a control circuit 
160 that may be utilized to control the opening and closing of 
the switch 112. As with FIG. 4, it is noted that for simplicity, 
not all components of the power converter 50 shown in FIG. 
2 are shown in FIG. 6, but it should be appreciated that the 
components not shown in FIG.6 may still be actually present 
in the power converter 50. 
0047. The control circuit 160 is similar to the control cir 
cuit 150 shown in FIG. 4, except that an inverter 162 has 
replaced the MOSFET138 and the resistor 140 coupled to the 
voltage source 130 (Vcc). In operation, when the rectifying 
MOSFETS92, 100 are in a non-conducting stage, the charg 
ing capacitor 142 has Zero Voltage potential across its termi 
nals because the input of the inverter 162 is high, while the 
output, which is coupled to the capacitor 142, is low. Then, as 
the voltage at the input of the inverter drops to zero when the 
MOSFETS92, 100 transition to a conducting stage, the out 
put of the inverter 162 becomes high, thereby charging the 
capacitor 142 and turning on the switch 112. Similar to the 
control circuit 150 shown in FIG. 4, the switch 112 remains 
on for a period of time determined by the RC time constant of 
the capacitor 142 and the resistor 146. Additionally, the diode 
144 is provided to ensure that the charging capacitor 142 is 
fully discharged each Switching cycle. 
0048. As can be appreciated, the conduction period of the 
MOSFET 112 shown in FIGS. 2, 4, and 6 may be controlled 
by selecting appropriate values for the charging capacitors 
and associated resistors. Generally, it is desirable for the 
MOSFET 112 to remain on for a time period that allows the 
energy captured by the clamping capacitor 110 during the 
Switching cycle to be recovered. In this regard, the Voltage 
potential across the clamping capacitor 110 will remain rela 
tively steady over time. 
0049. It should be appreciated that the embodiments 
described herein are exemplary and that the various features 
may be applicable in numerous applications. For example, 
various types of transformers, Switches, or other components 
may be used. Further, the features described herein may be 
used with other types of power converters, such as AC-DC 
power converters. Additionally, in addition to a full bridge 
DC-DC converter, the features described herein may be used 
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with other configurations including push-pull converters, 
half-bridge converters, forward converters, and the like. 
0050. While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
Such illustration and description is to be considered as exem 
plary and not restrictive in character. For example, certain 
embodiments described hereinabove may be combinable 
with other described embodiments and/or arranged in other 
ways (e.g., process elements may be performed in other 
sequences). Accordingly, it should be understood that only 
the preferred embodiment and variants thereof have been 
shown and described and that all changes and modifications 
that come within the spirit of the invention are desired to be 
protected. 
What is claimed: 
1. An energy recovery Snubber circuit for use in a Switching 

power converter having an input and an output, the power 
converter comprising a first transformer having a primary 
winding and a secondary winding, a controllable Switch 
coupled to the primary winding, and rectification circuitry 
coupled to the secondary winding, the energy recovery snub 
ber circuit comprising: 

a Voltage clamping element coupled to the rectification 
circuitry; 

a capacitive element coupled to the Voltage clamping ele 
ment for storing energy captured by the Voltage clamp 
ing element; 

a second transformer having a primary winding coupled to 
the capacitive element and a secondary winding coupled 
to the input of the power converter; and 

control circuitry that is operative to selectively cause the 
transfer of energy stored by the capacitive element to the 
input of the power converter via the second transformer. 

2. A circuit as defined in claim 1, wherein the power con 
verter includes a low-pass filter at the output thereof. 

3. A circuit as defined in claim 2, wherein the low-pass 
filter includes an output inductor and an output capacitor. 

4. A circuit as defined in claim 1, wherein the energy 
recovery snubber circuit includes a rectifier coupled to the 
secondary winding of the energy recovery Snubber circuit. 

5. A circuit as defined in claim 1, wherein the voltage 
clamping element includes a rectifying Switch. 

6. A circuit as defined in claim 5, wherein the rectifying 
Switch includes a MOSFET. 

7. A circuit as defined in claim 1, wherein the controllable 
switch includes four different switches, two of which are on at 
a time, one pair of which are on while the other pair is off and 
one pair of which is off while the other pair is on. 

8. A circuit as defined in claim 7, wherein the voltage 
clamping element includes a first and a second rectifying 
switch, one of which is on at a time, the first rectifying switch 
being on when the one pair of switches in the controllable 
Switch are on and the second rectifying Switch being on when 
the other pair of switches in the controllable switch are on. 
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9. A circuit as defined in claim 8, wherein the first and 
second rectifying switches each include a MOSFET. 

10. A circuit as defined in claim 1, wherein the voltage 
clamping element includes an inverter. 

11. A Switching power converter having an input and an 
output, the power converter comprising: 

a first transformer having a primary winding and a second 
ary winding; 

a controllable Switch coupled to the primary winding: 
rectification circuitry coupled to the secondary winding: 

and 
an energy recovery Snubber circuit for the Switching power 

converter, the energy recovery Snubber circuit compris 
ing: 
a Voltage clamping element coupled to the rectification 

circuitry; 
a capacitive element coupled to the Voltage clamping 

element for storing energy captured by the Voltage 
clamping element; 

a second transformer having a primary winding coupled 
to the capacitive element and a secondary winding 
coupled to the input of the power converter; and 

control circuitry that is operative to selectively cause the 
transfer of energy stored by the capacitive element to 
the input of the power converter via the second trans 
former. 

12. A circuit as defined in claim 11, wherein the power 
converter includes a low-pass filter at the output thereof. 

13. A circuit as defined in claim 12, wherein the low-pass 
filter includes an output inductor and an output capacitor. 

14. A circuit as defined in claim 11, wherein the energy 
recovery snubber circuit includes a rectifier coupled to the 
secondary winding of the energy recovery Snubber circuit. 

15. A circuit as defined in claim 11, wherein the voltage 
clamping element includes a rectifying Switch. 

16. A circuit as defined in claim 15, wherein the rectifying 
Switch includes a MOSFET. 

17. A circuit as defined in claim 11, wherein the control 
lable switch includes four different switches, two of which 
are on at a time, one pair of which are on while the other pair 
is off and one pair of which is off while the other pair is on. 

18. A circuit as defined in claim 17, wherein the voltage 
clamping element includes a first and a second rectifying 
switch, one of which is on at a time, the first rectifying switch 
being on when the one pair of switches in the controllable 
Switch are on and the second rectifying Switch being on when 
the other pair of switches in the controllable switch are on. 

19. A circuit as defined in claim 18, wherein the first and 
second rectifying switches each include a MOSFET. 

20. A circuit as defined in claim 11, wherein the voltage 
clamping element includes an inverter. 
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